Background and aim As smoking initiation generally occurs in adolescence, smoking prevention is targeted primarily
INTRODUCTION
Adolescents are the primary target group for tobacco prevention, as they are most likely to initiate smoking [1] . However, a significant number of smokers start after 18 years of age and most smokers do not become 'daily' or 'regular' smokers until approximately 20-21 years old [2, 3] . This is also reflected in the prevalence of daily smoking in the Netherlands, being higher among young adults (36.2% in 20-29-year-olds) than among adolescents (18.2% in 16-18-year-olds, 32% in 18-19-year-olds) [4] . If smoking initiation often occurs during young adulthood, prevention policies that focus upon a younger age group may miss an important target group.
Studies by Lantz and Hammond have suggested that a shift in the age of smoking initiation might have taken place from young adolescence towards young adulthood, as a considerable part of smoking initiation occurs after age 18 [3, 5] . This may be due to the adoption of tobacco control policies and interventions targeted at young adolescents and a lack of initiatives for young adults, which potentially delay smoking initiation to later ages instead of preventing it [3] .
Although a shift in the age of smoking initiation is plausible, there is limited evidence for the existence of such a shift. Several studies have looked at trends in initiation rates [6] [7] [8] [9] [10] . Two studies described changes across birth cohorts [9, 10] . Lee et al. assessed smoking initiation patterns in the United States in 1950, 1965 and 1980 among 10-24-year-olds. In 1950, smoking initiation occurred primarily after 18 years old with peaks at 18 years for males and females (15.6 and 11.2%, respectively) [10] . This pattern remained similar in 1965 but changed in 1980, where initiation shifted to younger ages, especially for females. Schneider et al. assessed the pattern of initiation among German adolescents aged 10-25 years and found a decrease in age of initiation across birth cohorts, with a peak age at 16 years in 1978-82, 15.1 years in 1983-87 and 14.7 years in 1988-92 [9] . Lantz evaluated changes in smoking initiation among adolescents and young adults in the United States born 1960-77 [3] . The initiation of regular smoking seemed to occur more often at ages 19-21 in younger than in older birth cohorts, while initiation up to 18 years was similar across cohorts [3] . These studies described the age of initiation during a time in which tobacco control policies were weak. It has not been established whether a shift in the age of initiation may occur in countries where policies are increasing in strength. In the Netherlands, a new Tobacco Law was adopted in 2002, leading to the implementation of a legal sales age of 16, a stronger advertising ban and a smoking ban in work-places and on public transport [11] . The legal sales age and advertising ban are likely to influence adolescent smoking behaviour.
This study aimed to assess trends in the age of initiation among adolescents and young adults aged 12-24 years in the Netherlands using data from the 2010-15 Dutch National Health Survey, which included retrospective questions on smoking initiation. More specifically, we aimed to identify a possible shift in the age of initiation by assessing trends in age-specific smoking initiation rates across birth cohorts from 1980 to 1995. In addition, we aimed to assess whether these trends differed by sex and education level, as there are variations in the course of the tobacco epidemic according to gender and socio-economic status [12] . We hypothesize that an upward shift in the age of smoking initiation may have occurred.
METHODS

Survey and data collection
Cross-sectional data on age, sex and smoking behaviour were obtained from the National Health Survey 2010-15 [13] [14] [15] . This survey aims to collect information on the development of health, health services use and life-style and prevention among the Dutch population. A random selection of approximately 15 000 people from the national resident registry is invited to participate each year. The survey has a yearly response rate of approximately 60-65%, and approximately 9500 people are included each year. In 2010-13 the survey was conducted using personal interviewing, while in 2014-15 data were collected online or via a personal interview.
We included information for individuals born between 1980 and 1995; we excluded smokers who did not report a start age (n = 107) or who reported starting smoking before 12 years of age (n = 150). This resulted in a study population of 13 163.
Variables
We distinguished four 4-year birth cohorts (1980-83; 1984-87; 1988-91; 1992-95) . Youth smoking prevalence trends in the Netherlands showed a peak in youth smoking prevalence in 1996 and a decrease in the following years [4] . For this reason, the birth years 1980-95 were chosen to focus upon a period when smoking prevalence followed a decreasing trend. Birth cohorts included 4 years to accumulate sufficient data per cohort. The youngest cohort (1992-95) were younger than 24 years when filling in the survey, and for some analyses this cohort had to be excluded due to insufficient numbers.
We categorized ever smokers (i.e. current and ex-smokers) as those who answered 'yes' to the questions: 'do you smoke sometimes?' or 'have you smoked cigarettes in the past?' (for respondents in 2012-15) or 'have you ever smoked cigarettes?' (for respondents in 2010-11). Ever smokers were asked about their age of initiation with the question: 'how old were you when you started smoking?'. Smoking initiation was defined as an incidence rate; i.e. the percentage of people who started smoking out of all people at risk of smoking initiation. For example, the number of people who started smoking at age 15 in cohort 1980-83 was divided by the total number of people in cohort 1980-83 who had not yet started smoking at age 15 and was multiplied by 100%. In this example, those who reported starting smoking below the age of 15 were excluded, as they were not at risk for smoking initiation at age 15.
The outcome variable, age of smoking initiation, was categorized as follows: 12-14, 15-16, 17-18, 19-21 and 22-24. Smaller age ranges were chosen for 15-16 and 17-18, as these are crucial years in smoking initiation. This study assessed initiation from the age of 12 onwards because improbable starting ages (e.g. age 5) were reported, and information from ages ≥ 12 was considered less prone to recall bias than that of ≤ 11 years.
Education was determined using two survey questions: 'what is the highest level of education you have completed?' and 'what is the highest level of education you attended last?'. The highest level of the two variables was considered to represent the respondent's educational level. Education was categorized into high and low education. Low education was defined as those having completed or followed primary school education or any track of secondary education (including middle-level vocational education). A high level of education was defined as those who have completed or followed higher vocational school (equivalent to college-level) or university. Only the first three cohorts were included in the analysis of education, because respondents in the last cohort (1992-95) were too young to be near completion of their educational career.
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Statistical analysis
Weighting was applied to control for differences between sample and source population based on sex, age, ethnicity, marital status, degree of urbanization, geographical features, household size and survey season [15] . A different weight model was used in 2010-13 than in 2014-15. In 2014-15 income and capital were included additionally in the weight model. Logistic regression analyses on weighted data, with control for survey year, sex and educational level, were performed to quantify differences in age-specific smoking initiation rates in the total population at risk between birth cohorts. In addition, the analyses were stratified by sex and educational level, and interactions were tested using the terms cohort × sex and cohort × education. All analyses were conducted in SPSS version 23. Table 1 gives an overview of the number of respondents per cohort. Males and females, as well as low and high level of education, are proportionate across birth cohorts. Figure 1 presents the pattern of smoking initiation according to age in more detail. The initiation pattern was similar in all four cohorts. At age 16, a drop in initiation rate was observed in younger cohorts compared with cohort 1980-83. Lower initiation rates between ages 17-21 were also observed in younger cohorts compared with older cohorts. In all birth cohorts, smoking initiation increased strongly between 12 and 16 years. In the total sample, including all birth cohorts, 38.3% of adolescents initiated smoking between ages 12 and 16, and a peak was reached at 16 years (13.6% initiated at 16). Initiation rates in all birth cohorts were considerably lower at older ages, e.g. 7.8% of the total sample initiated at age 18 and 3.7% at age 20. However, smoking initiation rates after age 16 years remained substantial, as the total initiation rate between 17 and 24 years was 27.7%. The total initiation rate between 12 and 21 years was 66.5% in cohort 1980-83 and 56.7% in cohort 1992-95, reflecting a reduction in ever-smoking among young people. Figure 2 shows the distribution of the age of initiation per birth cohort among smokers; 67.2% of smokers initiated between the age of 12 and 16 years, with a peak at 16. No differences were observed between cohorts. Figure 1 Weighted age-specific smoking initiation rates per birth cohort. For exact values see Table S1 in Appendix S1 Table 2 presents the results of the logistic regression analysis of differences between birth cohorts in age-specific smoking initiation rates. No significant cohort differences were seen for initiation rates in the group aged 12-14. Figure 3 (a,b) presents the smoking age of initiation per age and birth cohort among males and females. The peak age of initiation was 16 years for both males and females, after which a decrease in initiation rate was observed from 17-24 years across birth cohorts in both sexes. Table 3 presents the regression analysis stratified by sex. A similar smoking initiation trend was observed among males and females, which corresponds to the nonsignificant interaction tests for most ages. However, a significant difference in cohort trends was found for initiation at ages 12-14, for which a decrease in cohort 1988-91 was found among males (OR = 0.78, 95% CI = 0.64-0.96), followed by a slight increase in 1992-95 (OR = 0.82, 95% CI = 0.67-1.00), while an increase was observed in females in cohort 1984-87 (OR = 1.36, 95% CI = 1.12-1.65, P for interaction = 0.001). No significant differences were observed in males for ages 15-16. In females, a slight decrease was observed in 1992-95 (OR = 0.83, 95% CI = 0.70-0.98). A significant decline in initiation rate was observed in males between ages 17-18 in cohort 1984-87, which was not observed in females (P for interaction = 0.179). A decline was also observed in cohort 1992-95 for both males and females. Males and females showed similar decreases over birth cohorts in initiation rates for ages 19-21. Females showed a significant decrease in 1988-91 for ages 22-24 (OR = 0.46, 95% CI = 0.22-0.93). Figure 4 (a,b) presents the smoking initiation rate per age and birth cohort among low and high levels of education. Those with a lower level of education had a higher initiation rate compared with those with a higher level of education. The peak age of initiation was 16 years for those with both low and high levels of education. A decrease in initiation rate across ages 17-24 was observed in both low and high levels of education. In addition, a decrease across birth cohorts between ages 15-17 was observed among those with a high level of education. However, this did not occur in those with a lower level of education. Table 2 Association on weighted data between age-specific smoking incidence and birth cohort, adjusted for sex and survey year.
RESULTS
Age of initiation (years)
Odds ratio (95% CI) 
DISCUSSION
Key findings
Contrary to our hypothesis, the peak age of initiation did not shift towards higher ages in younger birth cohorts, but remained at 16 years for all cohorts. Of those who started smoking, 67.2% started between 12 and 16 years and 21.2% of smokers started at 16 years of age. Initiation rates at young adult ages did not increase across birth cohorts. Males and females followed a similar trend in smoking initiation. Respondents in higher education levels showed decreasing initiation rates across cohorts for ages 15-16, while such a decrease was not observed in respondents in lower education levels.
Potential limitations
This study has several limitations. The available data were confined to six survey years (2010-15). The last cohort, 1992-95, lacks data for the age group 20-24. Cohorts younger than 1995 did not contain enough information for analysis, and were therefore excluded. Smoking prevalence estimates for 2015 showed a substantial decrease in smoking among adolescents 12-16 years from 33% in 2011 to 23% in 2015 [16] . Future studies should Figure 3 (a) Weighted age-specific smoking initiation rate per birth cohort among males; (b) weighted age-specific smoking initiation rate per birth cohort among females. Exact values can be found in Table S2 in Appendix S1
investigate whether this strong current decline will be followed by a shift in age of smoking initiation.
The initiation rates may have been mis-estimated by the use of retrospective questions. Respondents were asked to estimate the age at which they started and stopped smoking, which may have introduced recall bias. Older respondents may have been subjected more strongly to recall bias than younger respondents. Even though evidence shows that retrospective questioning is mainly reliable [17] , we cannot rule out that the data for older birth cohorts are less accurate than those for younger cohorts. In addition, while reporting starting ages, respondents are likely to recall even numbers [15, 17, 18] compared to odd numbers [14, 16, 19] , as can be seen in Figs 2 and 4 [19] . However, such age-heaping could not influence the comparison between cohorts of this study, because this occurred in all birth cohorts.
All respondents who affirmed to be current smokers or to have smoked in the past were asked to report a starting age. Starting age did not distinguish, therefore, between respondents who progressed towards daily smoking and respondents who did not. Moreover, it is unclear whether respondents referred to the age at which they started to experiment or the age at which they became daily smokers. Although the interpretation of the questions may differ per individual, we do not have reason to believe that the interpretation differed substantially between cohorts. However, we cannot rule out that age of progressing from experimental towards daily smoking initiation shifted towards higher age groups.
Comparison and explanation of results
The existing evidence on trends in age of smoking initiation is inconsistent, and shows some similarities and differences with our findings. Studies from New Zealand [18] , Spain [7] and Germany [9] also found peak ages of smoking initiation at approximately 16 years, even though a broader range was found from 14 to 18 [9] . Some previous studies, however, found a shift in age of initiation across birth cohorts, which we have not found. Studies from the United States [10] and Germany [9] found a shift towards younger ages of initiation, while another US and Canadian study found a shift towards older ages [3, 5] . The differences in findings could be attributed to the variation in study designs, study period and context. The previously described studies used mainly data of older birth cohorts that were not exposed to tobacco control policies of the World Health Organization's (WHO) Framework Convention on Tobacco Control. In addition, this study is limited to Dutch youth and tobacco control activities in the Netherlands, which may account for some of the differences.
In our data, an upwards shift in age of smoking initiation did not occur, despite the introduction of tobacco control policies that were targeted at adolescents below the age of 16. We found decreased initiation rates among 15-16-year-old respondents who grew up after the introduction of the new tobacco law implemented in 2002, which is in line with previous findings for the Netherlands [20] . Initiation at ages 17-21 did not increase but, in fact, decreased over cohorts, including cohorts exposed to the ban on sales to minors. Table 3 Logistic regression on weighted data for the association between age-specific smoking incidence and birth cohort, stratified by sex, adjusted for birth cohort, sex and survey year.
Age of initiation (years) Sex
Odds ratio (95% CI) The consistently young smoking initiation age and the lack of an upwards shift in age of initiation may be due to characteristics of different developmental stages of adolescence. Early adolescence (10-14 years) is characterized by seeking independence and starting to challenge authority, while middle adolescence (15-16 years) is characterized by identity-searching. Although all adolescence is often characterized as a period of experimentation, those in early or middle adolescence are generally more susceptible to riskseeking behaviour and peer influences [21] . Largely speaking, youth in late adolescence (17-21 years) have acquired a more secure identity and emotional stability, and may therefore be less likely to take up smoking [22] . Smoking initiation that occurs at later ages may be attributable to transition from adolescence to young adulthood. Adjusting to new social settings in college and work environments may entail similar identitysearching processes, as occur in middle adolescence [23] . However, given the intrinsic characteristics of adolescent development, those in early and middle adolescence may be inherently more likely to experiment and initiate smoking [24] . If so, smoking initiation that is prevented in young or middle adolescence may therefore not be postponed, but largely prevented.
We observed a decrease in initiation rate in those with a higher level of education, whereas initiation rates among those with a lower level of education remained stable. Kuipers et al. found that the reduction of smoking rates as a result of tobacco control policies tends to be stronger among young youth with a higher level of education than those with lower levels of education, which could explain the decrease in smoking initiation in the high education group in this study [25, 26] . Table S3 in Appendix S1. Cohort 1992-95 was excluded from this figure due to a lack of data. Participants in this cohort may not yet have initiated smoking
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